phageal sphincter will relax when the cesophagus becomes distended with gas as in normal eructation, but not when it is distended with water.
Stomach movements and eructation continue during the early stages of bloat (Johns et al., 1957) . Dougherty et al. (1958) suggest that although eructation is attempted, its efficiency may be reduced, presumably because the cardia is covered by digesta and the oesophagus is filled with foam, and that this inefficiency will hasten the development of bloat.
The third effect of rumen distension is on respiration and blood pressure. The importance of respiratory changes is indicated in one of the few reports that describe the sequence of events in a fatal case of bloat; this concerned a cow that had eaten 29 lb. of fresh alfalfa tops (Boda et al., 1956 ). An hour after the meal the animal was severely bloated and its respiration was laboured. Shortly afterwards it fell on one side and stopped breathing although its pulse continued for another four minutes. Inhibition of respiration was also demonstrated in experimental studies at Cornell on conscious sheep . Brief periods of inflation of the rumen to pressures of 40-80 mm.Hg slowed or stopped respiration, with consequent reduction in oxygen consumption and arterial oxygen levels. Sharp increases and fluctuations of blood pressure also occurred. Similar changes in respiration and blood pressure have been found in anmsthetized sheep (Phillipson, 1958) .
In experiments on anmsthetized sheep we have found that during the early stages of rumen inflation there is a small stepwise increase of blood pressure with rumen pressure, but eventually apncea and violent fluctuations in blood pressure occur. The changes in blood pressure may be due to some extent to the obstruction of blood flow through the inferior vena cava, for during rumen inflation we have found the pressure in the abdominal vena cava to be little less than rumen pressure.
Speaking Cambridge BLOAT is a disorder in ruminants common in all parts of the world where the grazing of legumes is practised. In New Zealand where the legume is depended upon to supply the total nitrogen required by the pasture, and where the pasture often becomes clover-dominant, it is particularly widespread. One of the main difficulties in research with bloat has been the sporadic nature of its occurrence. Johns (1954) initiated the use of identical twin cows chosen for their susceptibility or resistance to bloat and by stall feeding these animals on fresh red clover, bloat could be regularly produced in the spring and autumn. Preliminary studies indicated that the ailment was caused by foaming of the rumen ingesta whereby fermentation gases were retained as a stable foam which could not be eliminated by the belching mechanism. A number of antifoaming agents were found to prevent bloat or to relieve the condition after the animal was bloated. Rumen movements and the eructation mechanism were not inhibited during the early stages of bloat.
The "tympanograph", an adaptation of the corrugated rubber tube stethograph, was devel-oped by Reid (1957) to measure changes in abdominal girth of stall-fed animals. UJsing this instrument, which recorded on a kymograph, accurate measurement of the rate and degree of bloating and the rate of deflation of the animals could be made. A large number of substances (Reid and Johns, 1957) were tested on identical twin cows both as a treatment for bloated cows and as a prophylactic. The vegetable oils, whale oil, emulsified tallow, liquid paraffin, &c., were found to be rapidly effective, badly bloated animals being deflated in about 30 min. Avlinox, a polyethylene glycol derivative of ricinoleic acid, was similarly effective. Silicones and several detergents were not reliable while a variety of irritants and antihistaminics were ineffective. As a result of this work (Reid, 1958) , the spraying of bloat-producing pasture with emulsified peanut oil or tallow is now standard farming practice in New Zealand and parts of Australia.
If the foam theory of bloat is to be accepted, it is important to know if the ruminant can belch foam. Dougherty and Habel (1955) and Dougherty and Meredith (1955) in the U.S.A. had shown that three sphincters in the cesophagus were involved in belching, the sphincter at the cranial end being most efficient. Liquid was found to inhibit the opening of this sphincter. While at Plant Chemistry Division, Palmerston North, Dougherty (1955, unpublished) (Mangan, 1957) . Of these, foam strength was found to be most useful. The three systems mentioned above were all found to be sensitive to pH changes. The saponins from lucerne and red clover showed maximum 22 foam strength at pH 4-5 to 5'0 and outside this range, although foams were formed, they had reduced mechanical strength.
Leaf cytoplasmic protein isolated from red clover, at a relatively low concentration of 10 mg.N/100 ml. and in the presence of electrolytes, produced extremely stable and mechanically strong foams with a maximum in the range pH 5*4 to 6-0. When no salt was present, no foam was produced, but there was a rapid and linear increase in foam strength with increase of salt concentration up to 0 33 M.
Salivary mucoprotein is an extremely efficient foaming agent even at the low concentration of 5 mg.N/100 ml. but owing to the heterogeneous nature of the salivary protein, the response to pH changes is not consistent. In all cases, the greatest foam strength occurred above pH 7.5, but the saliva from some cows showed a secondary peak at about pH 65. Lyttleton (1957, unpublished) , in electrophoretic studies, has shown that there are two major proteins in bovine saliva, one of which is a normal protein and the other a mucoprotein. The ratios of the two components differ and work on identical twin cows indicates that the difference may be inherited. Further work is required to show if this is a factor in the susceptibility to bloat.
Examination of crude rumen liquor (Mangan, 1959) showed that there was a naturally occurring antifoaming agent present which was shown indirectly to be chloroplast material-from the leaf. High speed centrifuging of crude rumen liquor gave a solution which normally produced a fine bubble foam of greatly inicreased foam strength. Clear rumen liquor obtained from a cow after one hour's feeding on red clover showed a response to pH changes very similar to that obtained with cytoplasmic protein, the optimum pH being between 5-4 and 5 7.
Contrary to expectation, it was found that with cows feeding on clover, large quantities of soluble protein were released into the rumen fluid. After two hours' feeding the soluble protein level normally rose to 20-25 mg.N/100 ml. On cessation of feeding, the soluble protein level dropped rapidly. This concentration of soluble protein, at the salt concentration found in the rumen, is sufficient to produce a very strong and stable foam.
In a study ofpH changes in the rumen fluid, Reid (1956, unpublished) found that for a cow to commence bloating on red clover, the pH must fall to 6l3 and as the condition develops, the pH drop normally continues occasionally to as low as 5-7. Of the systems studied, the foaming properties of cytoplasmic protein would suggest that it is the active foaming agent responsible for bloat, but salivary protein may make a contribution. SALIVA Colin (1886), Markoff (1913) and more recently Balch (1954) have shown that the cow secretes about 50-60 litres of saliva per day, most of which is produced while the animal is eating. This normally functions as a bicarbonate phosphate buffered medium for microbial fermentation in the rumen and reticulum. In relation to bloat it would tend to prevent bloat by opposing a drop in pH to the critical value. There are two other factors concerning saliva, however, which would contribute towards bloat.
(1) UJnder bloating conditions, the pH of the rumen fluid is about 6-0. Saliva secreted at pH 8 5 on entering the rumen will then evolve carbon dioxide by decomposition of bicarbonate. Each litre of saliva will liberate approximately 2 litres of carbon dioxide or a total of about 100 litres per day. This may be an important factor when the animal is fed on bloat-producing clover after having been deprived of food for some time.
(2) The submaxillary mucoprotein which has powerful foaming properties is secreted in large amounts while the animal is eating.
It should be pointed out that much of the earlier work relating saliva to bloat has not taken into account the fact that there are at least three distinct secretions, the parotid, submaxillary and residual salivas, the latter being a mixture composed partly of sublingual. These secretions have quite different chemical properties and react differently to stimuli. Phillipson and Reid (1958) at Plant Chemistry Division showed that the rate of flow of saliva in some sheep and calves responded markedly to an increase in rumen pressure. A relatively low pressure of 8-20 mm. Hg often produced a greatly enhanced flow of parotid, submaxillary and residual salivas. Occasionally, only the submaxillary and residual secretions responded. Further increases in pressure after stimulation caused an inhibition of secretion.
The chemical composition of these salivas and the effect of rumen pressure stimulation was examined by Mangan and Phillipson (1959, in preparation) and a typical example is shown in Table I . It should be noted that the composition of the parotid and residual secretion is not markedly changed despite the greatly increased rate of flow but with the submaxillary saliva the concentration of mucoprotein is increased fivefold. It seems probable that if a reactive animal bloats mildly, the increase in salivary flow due to pressure in the rumen could aggravate the condition by an increased gas evolution from bicarbonate and supply of further foaming agent.
PENICILLIN
Work on the control of bloat at Plant Chemistry Division has been directed mainly towards the use of antifoaming agents to suppress foam in the rumen, but Barrentine et al. (1956) in the IJ.S.A. first used antibiotics, mainly penicillin, to prevent bloat by depressing gas production.
Field trials at Palmerston North (Johns, 1958) showed that 200,000 units of penicillin every second day did not eliminate bloat, but that the incidence and severity were greatly restricted.
Using identical twin cows, Johns, Mangan and Bailey (I 959, in preparation) showed that penicillin greatly altered chemical reactions in the rumen. In penicillin-treated animals, nutrients released from the clover rapidly accumulated in the rumen. Soluble protein and free amino acids built up to much higher concentrations than in the control animals whereas ammonia production was curtailed. Free sugars which normally are not found in the rumen appeared in the rumen liquid in appreciable amounts, and volatile fatty acids were not produced normally; instead lactate accumulated in abnormal concentrations. Penicillin treatment reduced the foaming properties of the crude rumen liquor almost to nil, but on the cleared liquor the position was reversed and the penicillin-treated sample had remarkably powerful foaming properties. This behaviour is probably due to the presence of large quantities of soluble protein and to the chloroplasts not having been degraded by microbial action and thus exerting their full antifoaming action.
After repeated treatment with penicillin, it was found that resistant strains of rumen organisms appeared and the above effects disappeared. Again, after a period of no treatment, the "typical" behaviour reappeared. CARBOHYDRATES Bailey and Oxford (1958) have studied the production of dextran, a glucopolysaccharide, by strains of Streptococcus bovis isolated from the rumen. In vitro large quantities of dextran were produced when sucrose was the source of carbo- Bailey (1958a) has found that red clover contains about 3-4 % sucrose on dry weight basis, but examination of rumen fluid (Bailey, 1959, in press) from bloating cows showed only traces of extracellular polysaccharide. Other organisms presumably compete successfully for sucrose. Bailey (1958b) has shown starch to be a major component of the carbohydrates present in red clover under suitable weather conditions. Bailey (1958c) and 
